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Introduction

A plysics goal in can eld (of strong cnteraction) éo to
wndenstand the structare of hadnons.

Tte theory {or doing that o well established in its pertunbative
regime (when the ranning coupling condtant co small) and io
called Zuantum (UmomeDynamics (2D

condtant o lange, a regime buowan as the confinement negime
Experiments to investigate the stuctune of hadnons bave helped
Cu The adl To Tedt the theony in (0o fertunbalive negime and
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Studying the structure of hadrons
How?

= Rutherford tradition of scattering expeniments

> Uosing a super high resolution trandmidsion
electnon (lepton) micnascopes
SLAC
CERN
DESY
Jeffercon Lab



Lepton Scattering

e=(E' k")

e =(E.k) -

q=(v,q)

p=(M.,0)
& - momentum trandfer squared: ()* = —q*> = 4EE'sin’ (gj
Dnvariant madd W W>=M>+2Mv -0’

_o
‘5’7@’ hen variabile: oMy
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Quantum Electrodynamics

Feynman diagrams :>Matrix element :>Fermi’s Golden Rule
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Cross section <:

Transition probability

Ervample of inclusive electron scattering
2 2
(] o) _ (Y_ g L » I‘* JLV
dQdE’ (Q* E

2



Nucleus/nucleon response to electromagnetic

scattering

Nuclear Response function

R(Q%V)

A

Giant
Resonance

» V

Total photo-absorption
Elastic

Deep Inelastic
“EMC”

Quasi
Elastic Lepton scattering
A . —
N Deep Inelastic
“QUARKS”
/’ >
Qz Proton Elastic X = Q2 2M vV Lepton scattering

x=1
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Kinematics Variables and Invariants

Variable | Description Value in Lab Frame

s Ducident lefton Sppin four- vector L (1%,0,0, E)

S Target nucleon sfin foun - vector " (0. S)

k Tucident lepton foar - momentum (F, 2

x Scattered lepton Jour - momentum (E", k')

p 744965 wucleon foar - momentam (]\ 6)

q Vertual photon foun - momentum trandfer g=k—k =(v,q
. Scattening angle of lepton

Invariants | Description Value in Lab Frame

Q=—q | Four momentum transfer ~ 4EE'sin”(0/2)

14 Energy of vintual photon P-gq/M=FE—FE'

X Bjonben Sealing Yanialle —q-q/2P -q=Q*/2Mv
w2 usaniant mase of final badnonie staze | (P +q)° = M? +2Mv — Q*
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Example of Kinematical Reach; Jlab 12 GeV

Access to very large x (x > 0.4)

Clean region
* No strange sea effects
* No explicit hard gluons to be
included

Quark models can be a powerful
tool to investigate the structure of <%,
=P
the nucleon S
IS

Comparison with lattice QCD is
possible for higher moments of
structure functions.
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Inclusive lepton scattering
Tte oune photon exchange approvimation

e'=(E'k')

d*o o’ E'
P N A/ 1V
9=(v.q) dQdE"  Q* E LV

3—_> e

Lepitonic tensorn:
L,, = Lﬁ,, + "zﬁLf,/ = 2 [k:uk:,’/ + kL, — g (k- k' —m?) + ime /_l,,/p(,qple"]
Hadrnonic [ensor: |
Wh =Weg" +iWh" = o / dir 4% < P, S|[J.(x), J,(0)]|P,S >
7r .
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Inclusive lepton scattering (continued)

The sqmmetric part of the tenson (o unillen in Tewms of twe
Sppin - cudependent Structare fanctions W, (v,0%) and W,(v,0%):

q"q” 1 P-q , P-q @
Lp/j — — [ " — - ‘II!'%_-__T- PH : at PY — ‘ a”
> (’j 72 ) M? ( @’ ) (( @ !

The antisymmetric pant of the teusor io simdlanely unitten in terms of
two Spin dependent structare functions G, (v.0°%) and G, (v.0?)

1
WH” = WM q, s+ ¢ al(Pa)S; —(S-q) Pv

This decomposition co frossiblle because the fornm of the tewson co
constracined to be invaniant under parity and time rnevensal, 7t must be
bermitian: WM — WY gud MW ot "

QW = g, W — crvaiion

June 16, 2006



Inclusive electron scattering cross sections

Unppolarized beam and target

1 [ d?c'T d?c 1T 102
- + 21, (2, Q%) sin® (6/2) + Wa(x, Q?) cos® (6
2 ((,IE’(IQ dE’dSZ) o7 [2Wi(z, Q) sin® (8/2) + Wa(, Q) cos” (6/2)]

d?o T Ao 10* E
+ E + E cos )Gy (2, Q%) — Q*Ga(x, Q
(dE’(lSZ dE'dSZ) 07 B (B + B cosf)Gha Gz, Q%))

7“2'2“6246@ WW MW and WOWW beam
d?ct= d?c1= 4o E'? . I
- MG(x,0°) +2EGs(x. Q°)
((IE’(ISI + (lE’(lSZ) 0 E smb’[ 1G(x,QQ° EGy(x. ¢ ,n]
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Virtual Photoabsorption Cross Section

(2 /
o 47T_Q LUk W v
0+1,0 = K €1+1,0" pr€t10
K=v—-Q%/2M
1 i
€41 = E(O 1,+4,0) Polarization vectors
L (T 0.0
\ /QQ
4W2Q : 2
ImT, 11,1 X033 = — (W1 + MvG, — Q~Gy)
| Ao | 9
ImTy 1y 1y X0y = e (W1 — MvGq + Q°Gs)]
4
ImTjy1_ 511 X0 = i a[”, (1+v%/Q%) — W]
A2 o s
IIIliZ—’(), 1 11% X ()‘TL — [( Q [[\[Gl + I/GQ]

June 16, 2006



Virtual Photoabsorption Cross Section

, )
474 v

1 - 7 ¢
o = 5(01/2 +03/2) = K Wi (v, Q%)

-0 17;\ : K (2 ) Wa(v, Q%) — Wi(v, Q%)

Q
~
|

The wnpolarised diffencutial decp inelastic cross section can be

exfpredded in tevms of the uintual plotoabisonption crods dectiond

do
=1 (o7 + €o
agaq e = Llor +eor)
oK E 1 v? 4+ Q? 5 0
= = |1+2— tan® —
T O2Q2 E 1 ‘ ( T gr MG
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The nucleon as a laboratory for QCD

How to get Information about the nucleon
structure?

Nucleon static properties are well known, like
charge
mass
magnetic moment

but it in terms of the constituents, quarks and gluons

Elastic scattering
Charge distribution
Magnetization distribution

Deep inelastic scattering
Momentum distribution among the different constituents
Charge distribution among the different constituents
Spin distribution among the different constituents

June 16, 2006

Proton
Mass:

1.672 621 71(29) x 107%" kg
938.272 029(80) MeV/c?
Electric Charge:

1.602 176 53(14) x 1079 C
Diameter:

about 1.5x107> m

Spin:

1/2

Quark Composition:

1 down, 2 up



Scaling of structure functions

First measurements of the unpolarized cross section show that
at large Q2 the cross section was independent of Q2

At large Q? and large v but finite x the structure functions depend only one

variable, x
MW, (v, QZ) —  Fi(x) 0?
vWo(v, Q%) —  Fy(x) " oMy
iUZVGl(VQ) —  g1(7)
Mv2Gy(z,Q*) —  go(x)

The typical notation found in many papers is to write the cross sections

in terms of

Fl (:I:a QZ) FQ(:I:? Qz) g1 (‘(1:7 QZ) and .QQ(:I:a QZ)
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SLAC End Station A Spectrometers

20 GeV maximum momentum spect.

8 GeV maximum momentum spect.
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Scaling of F, Structure Function

0.5 T ™ T T T

04 - N
0 TR +¢ %
0.3 |- + " # :
F2: VWZ
0.2 I~ “
w =4

o I x=0.25 5

0 1 | | | 1 ) 1
0 2 4 6 8

a2 (Gevrc)@

Figure from: H. W. Kendall, Rev. Mod. Phys. 63 (1991) 597
1990 Nobel Prize
J. I. Friedman, H. W. Kendall and R. E. Taylor
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Quark-Parton Model

Bjorken, Feynman and Paschos

Energy
Momentum

Mass

June 16, 2006

(xP + q)
Proton
|
E
PL
pr = 0
M

Tte nucleon co made out of
called pantons

The photon gquank scattering io
ot ot

Parton _ _
Where x is the fraction of nucleon
l momentum carried by the struck quark
xE
rpr,
pr =0

2 112 2 2\1/2 ,
m = (z°E* — 2°p3 )% = aM



Quark Parton Model

(::1':P + q)2 — m? = z°P? + 22 P - q+ (12 — m?

At large g% assume 1 > 2 p? and 1 > m?
thus 20:P - q + q* ~ 0

solving for x in the Lab frame we obtain

622
2M v

2eM v+ q¢>=0=z =

5) ‘
Elastic scattering off a quark lead to ¢~ = 2muv

m
Then | o+ = ——| Fraction of nucleon mass carried by struck quark !?

M

June 16, 2006



A scattering picture of the proton

Quark & Leptons: An Introductory Course in Modern Particle Physics, Frarcis Halzen and Alan Martin

One quark > F2
Three valence quarks L .
1 X
>
Three bound valence quarks +  1/3 ¥
>
X
Three bound valence <« Small x ASea1 /3
quarks+ slow debris
Valence
— > ,
1/3 X

June 16, 2006



Structure functions in the parton model

In the infinite-momentum frame:

> no time for interactions between partons

> Partons are point-like non-interacting particles: Onycleon = 2 O
1 0
Fi(x) =2 [q/(x)+4/(x)]
Fy(x)= Y& x[ 4] (x)+; (x)]
i oL,

2xF (x)=F,(x)= Eeizxqi(x) < Callan-Gross relation oT

z It is a consequence of quarks having a spin 1/2
I o, 0 !
&i(x) =26 q (x) =g (x)]
i

g-(x) has no simple partonic interpretation.

It involves quark-gluon interactions
June 16, 2006



Useful relations among quark distributions

F) = (%)[( )+ (@) + (%) @ () + @ (x)]

1 2
+ (3) @@l

The proton and neutron are members '1.1/’(.’11‘?) =d" (;_I;.') = "1_1.(::1'7)
of an isopin doublet therefore there are D e\ — 1/

as many u quarks in the proton as d d’(x) = u"(x) = d(x)
quarks in the neutron S[)(l ) _ N (1) — s( l )

June 16, 2006



Nucleon quark distributions

Kuti and Weisskopf or Landshoff and Polkinghorne 1971
Separate “valence” and “sea”

d(x) =d,(x) +ds(x)

The “sea” is common to all quark flavors

us(z) = us(z) = ds(z) = ds(x) = ss(x) = 55(x) = S(x)

If we rewrite F', for the proton and neutron using the new relations we obtain
1 1, 1
TF;(.If) = — [duy(x) + dy(x)] + —;S(z)

9 Fif(xz)  w,+4d, + 125

—

! F — L L4 Fj(xz du, + dy, + 125
> () 9 () + 4d, ()] + ?5*(“,?) 2 (2) ’
x ( '_
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Towards the nucleonquark distributions

: P\ oz — ]

When probing the small x momenta of F; () z—1 4u, + (] :
quarks we expect that the struck quark with n (1)
small x is part of the “sea pairs”. 2\~ . 1

In this case we expect the neutron or proton sz (.’1;') r — ()

to respond similarly.

This is confirmed by experiment ., r l | - —

<— Sea dominate
When probing the large x momenta of . + ",
quarks we expect the valence struck quark ' ¢ #’0’,’
to dominate leaving little momentum to sea ; _2/3
pairs 06} *" $ _
I"‘.(;" ’W“
Fep 0“%h
oal- #4 _
XX
’* <¢— u, dominates
1/4
0.2} —
0 1 1 I 1
0 0.2 04 06 08 1.0
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Constituent quark Model

Flavor Spin

Static symmetric wave function: SU(6)=SU(3)® SU(2)

|pT> = . ﬁ —2 |’I.LT‘U,Td‘l’> — 2 |'1_Lle'uT> — 2 ‘dl?_LTuT>
= uwlutd T> + |utd l'> dlu! "u.l>

+ wruldly + [urd'ul) + |dTutul)]

Square it...

T @ &

Proton Spin )
3

W | =

June 16, 2006



Constituent quark model

/ uT quark %

June 16, 2006

T
u

quark %

Right picture

1

P(d) = 5

P(d*) =

2




SU(6) symmetry breaking

Plugging the previous numbers we obtain

—_

F;I (I )

Uy + 4d,

P
F

—

() >~ 1 dy, + d,,

I

10—

06}
F&m

Fg

0.4

0.2

+

"

<— Sea dominates
0.8} ¢
$ 40

+4%

I

<¢—{ U, dominates
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1.0

Fp 2/3+4x1/3 2

FP  4x2/3+1/3 3

® Clearly SU(6) symmetry is
broken

® Writing a wavefunction that
would favor the dominance of the
up quark goes towards reproducing
the experimental data

Fo(z) 1

FP(z) = —'14




F2 proton - F2 neutron

Ol

P_.—~N
Fa-F2
¥ T
—_—
P
_._
R o
B 2

F1G. 11.6. vW;(ep) — vW,(en) data as a function of x.

FY(2) = F (@) = 5 [uu(2) — dy (@)
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Deep Inelastic Scattering in QCD

®» The strong running coupling constant e=(£.k)
becomes small at large Q2

®» The theory can be solved using
perturbation theory techniques (pQCD)

® Scaling is predicted but something more |
too, evolution of the structure functions thus _ %
. . . .. 03 A\
violation of scaling at finite Q2 O\
S0z | AN
= é “6\\
High Q2 and W>2GeV: fine resolution — we see : \1‘\\&%\_&'\6
partons S ]
, asymptotic freedom of ol
»  scaling > the strong interaction 1 R Gev .

June 16, 2006

\a

2004 Nobel Prize
D. J. Gross, H. D. Politzer and F. Wilczek



Measurements at HERA; ZEUS detector

ZEUS
L =2 - YOI x=0.000102 —— ZEUS NLO QCD fit

© We observe scaling in the large x range (x~0.1 2 0000161
to 06) Ea—t? <=0.0004 [ tot. error

&~ x=0.0005

B S x=0.000632

i i i x=0.0008 e ZEUS 96/97

® There are also clear violations of scaling

x=0.0021

© Violations are well understood with
perturbative QCD (pQCD) x=0.0032
® Measurements on a hydrogen (proton) and
deuterium targets (neutron) help determine the 3L
quark distribution functions

2 -
o s i s b NS e e x=0.13
s ol g, Do, it o-A0_g. . E £
1+ — ry ;{:O.IS
PP A sttt e —en a®
4L x-0.5
\‘-‘-.‘A“nﬂu&r
tyael® o o s, Hx:OA
e A AT A A s co——o - x=0.65
0 1 b 111IHI ] 1 II!IHI 13 L 1\i!l|’ 1 1 !!14III ] i Illlill
2 3 4
1 10 10 10 10 10

June 16, 2006 QZ(GeVZ)



A bird's eye view of the DESY site and the surroundings in

Hamburg

® HERA, with its
circumference of 6.3
km is the biggest
accelerator at DESY
and it is housed in a
tunnel with an inner
diameter of 5.2 m
which is situated about
10-20 m underground

® 920 GeV protons collide
with electrons or positrons
with an energy of 27.5
GeV thereby providing a
way to study the inner
structure of protons.

June 16, 2006 HUGS 2006, Newport News, VA



The H1 and ZEUS detectors at DESY

ZEUS (HERM) @ e

H Beam pipe and beam magnets

entral tracking chambers
: Forward tracking and Transilion radiators
| Electromagnetic Calorimeter (lead} ﬁ:?.} Warm electromagnetic calorimeter
" Liguid Argon
: Hadronic Calorimeter (stainless steel) {ﬁ; Piug calorimeler (Cu, Si)

Ta
upercanducting coil {1.27) [Eﬂ; Cancrete shielding

ompensating magnet 1153‘ Liguid Argon cryostat

18! Helium cryogenics

June 16, 2006



PDFs in the valence quark region

Understand the nucleon structure in the06 y
valence quark region

What is required?

Complete knowledge of parton
distribution functions (PDFs).

At Large x

» large x exposes valence quarks
- free of sea effects

- no explicit hard gluons to be
included

 x->1 behavior — sensitive test of )
spin-flavor symmetry breaking 7 (9?) :/dx 2" 912, @), n=135.

« important for higher moments of
PDFs - compare with lattice QCD

* intimately related with resonances,

Tune 16, 2006 quark-hadron duality



Unpolarized Neutron to Proton ratio

*In the large x region (x>0.5) the
ratio F,"/F,’ is not well determined
due to the lack of free neutron

*Impact:

targets .
RN
&,
- -1
|
K i SU(G) ;08
- du=1/2 |
& s \_
K 5 5 -0.6
Liigtx % [
L] 0.4
SLAC data . T
, . helicity -
= Fermi motion conservatiof ///)’
+ Fermi + off-shell gu= 1/:calar:i'q ik ?0'2
1qu I
A PLC suppression dominance [
d/u =0

0 02

June 16, 2006

0.4

— -0
0.6 0.8 1

ne p
F2 /F2

= determine valence d quark momentum
distribution

> extract helicity dependent quark
distributions through inclusive DIS

" high x and Q2 background in high energy
particle searches.

= construct moments of structure functions

M. Botje, Eur. Phys. J. C14, 285-297, 2000

1
d/u 02 =10 GeV?
0.8 7 = QCDfit
R\ CTEQ4M
| --- CTEQ4M (modified)
0.6 -
0.4
0.2}
0 _ fitted range ———

0 02 04 06 08 *



Unpolarized Neutron to Proton ratio

Spectator tagging

Nearly free neutron target by tagging
low-momentum proton from deuteron

at backward anales
to CLAS12

Small p (70-100 MeV/c)

Minimize on-shell extrapolation (neutron
only 7 MeV off-shell)

Backward angles (6,,> 110°)
Minimize final state interactions

June 16, 2006

DIS from A=3 nuclei

Mirror symmetry of A=3 nuclei

Extract an/sz from ratio of *He/°H
structure functlons

36
Ey B/ F,

o 2F23H€/F§’H ~R

Super ratio
R = ratio of "EMC ratios” for °He and SH

calculated to within 1%

Most systematic and theoretical
uncertainties cancel



Unpolarized Neutron to Proton Ratio

HallB 11 GeV with CLAS12

SU(B)
du=1/2

CIII /

Helicity

conservation |

d/u=1/5
e Q =4-9GeV°’

Scalar diquark
dominance d/u=0

s Q =9-15GeV*

= \

7

-0.8
-0.7
-0.6
0.5
-0.4
-0.3
-0.2

-0.1

T T T T T T T T T T T T T T T T T

0.2 0.4 0.6

June 16, 2006

0.8 1

Hall C 11 GeV with HMS

.8
t
'
6 t + u
Hy
t 4 by
ty
4 — —
2 —
¢ JLab Projected Data
SH/%He DIS
O | | [ I [ [ | I [ I | | I I [ I | [ I I [
0.2 0.4 0.6 0.8 1.0
X



Inclusive DIS

Unpolarized structure functions F,(x,Q?)
and F,(x,Q2)

Proton & neutron measurements
provide d/u distributions ratio

E ~ Ny HNucleon
d*o 8a? cos?(0/2) [Fo(x, Q%) 2F(x, Q). )
g (U + 1) = o [ e e el
Polarized structure functions Q? :Four-momentum transfer
9:(x.Q%) and 9,(x Q) J  rergy rareter
Proton & neutron measurements M : Nucleon mass
combined with d/u provide the spin- W : Final state hadrons mass
flavor distributions Au/u & Ad/d
d*o 4a0° FE' 2
L 52— 1) = o (B 4 B cos ) (2. Q) — (e, Q)
dE'dS) MQ2v
d*o da” sin O B . ‘
T dE/dQ(i:> — =) = MQ? 2E Vgl(vaz)""ZEg‘_)(xan) ]

June 16, 2006



Virtual photon-nucleon asymmetries

Longitudinal A — g1<£lf, Q2> — 7292(% Qz)
O'lﬂ — O'Tﬁ Fl (377 QQ)
ST+ o1t = AH = D(Al + 77142)

Transverse ‘ ‘
sl _ ol Ay — 7[91@37 QZ) + 92@7 QZ)]
e = AL=d(4i— g Fi(r.Q?)

where v = /Q?/v
D, d,n and ¢ are kinematic factors
o Positivity constraints

2\
D depends on R(z,Q") = o, /oy A <1 and |Ay| < ¢R(1+ A)/2

In the quark-parton model:

1 1
Fy (=, QQ) — EZ 6?«? qf(, Q2) gi(z, QQ) — EZ 6?«? Aqy(w, Qz)
/ f
a(x)= q;(x) + q;(x) Agfa)= q(z) - q;(2)

q¢(xz) quark momentum distributions of flavor /

Tune 16, 2006 7(|) parallel (antiparallel) to the nucleon spin



Examples of existing data and physics issues

World data on g;

e E155
103 - x=0.008(x2048) o E143
E x SMC
- _ . x=0.015 (x 1024)
C +_——1."" A HERMES
- j‘_ _a%r_ *__ x=0.025 (x 512) * EMC
2-— L x=0.035 ( x 256)
10 . -~
0 E A9 T *
- R eg-— x=0.05 ( x 128)
C 40--2---""" J; ¥
) -‘-"*'#‘*"" x=0.08 ( x 64)
LQ--omm T s
10 & P S ¥__ . x=0.125(x32)
-__o___—O—A‘Q"_p—_ i;
B PN ﬁ__()__Qe____..-_o.’%(-_--.)k__ x=0.175 ( x 16)
2 - - ]
=) '_b__o _____ o_Av_o_e___+___ck____*__,x=0.25(xs)
1 _
3 R RN S S £ 0355
- TTT0 -0, x=0.5 (x 2)
1 T e &
10- — ol e
2 T AL
10 -~
3 v Q‘\-__*‘ x=0.75 (x 1)
|I lllI 1 1 l‘:‘l llll
1 10 2

yuIlic 1v, tvuvv

0°(GeVic)*

0.8

i ibrokenSU(6)
[ v HERMES
|« EMC
L x E143 T
- < E155(g1/F1)
B [ %% Tl z
L sue
—_— >
1%{ { + | 1T symmetric
1 g%%
L1 | L1 |
0 0.2 0.4 0.6 0.8 1

pQCD

0.6

0.4




0.8

0.6

0.4

Proton
pQCD
I ibroken Su(6)
| v HERMES
|« EMC .
| x E143 T
L & E155(g1/F1) '
i 1 %% T L 3
4+ SU®)
—_— >
%’l )ﬁ { % symmetric
P SR T R R T ! [ ! !
2 4 . . 1
0 0 0 3706 0.8

World data for A,

June 16, 2006

0.8

0.6

0.4

Neutron

pQCD

o> O O O O

E142(3He)
E143(2H)
E154(3He)
E155(2H(g1/F1))
SMC(2H)
HERMES(3He)

SU(6) symmetrig

Broken SU(6)




SU(6) Breaking mechanism

Relativistic Constituent Quark Model (CQM) Close, Thomas, Isgur
Introduce hyperfine g §j53(ﬁj) interaction(N - A mass splitting, etc...)

Constrain d/u using R" data : d(x)/u(x) = (4R"™ -1)/(4- R")

1.0

n 1) = % |d T (du) o0 ) Dominant component A
08 | B
~ a1 (dw)110) — =1d | (du)111 )
U —_— — U
\/ﬁ 110 3 111 06 L £/0 —
V2 """""""""""""

_ % IuT(dd)11o>+?|ul(dd)111>o.4-

02 | Neutron _
AP »1  An 1 d/u =0 00 -7
Au/u —» 1 Ad/d —»-1/3 0.2

02 04 0.6 0.8

June 16, 2006



Perturbative gluon exchange

Farrar & Jackson, P.R.L. 35 (1975) 1416;
Brodsky et al., Nuc. Phys. B441 (1995) 197.

ALLH AP 51 APl dul/5
- - 3
S =0 { = Au/u —» 1 Ad/d —» 1
z — Q«
= Can exchange transverse e
gluon- flipping both spins 0.8l
L\I'7 0.6}
0.4}
Lk |
S — 1 § 0.2; (LSS) Vs
z { S S ﬁ %8S /’BBS
g 0 .
= Only longitudinal gluons-
cannot flip spins Y R |
0 0.2 0.4$ 0.6 0.8 1

June 16, 2006



Polarized quarks as x--> 1

SU(6) symmetry:
AP=5/9 AnN=0  du=1/2
Au/u = 2/3 Ad/d =-1/3

Broken SU(6) via scalar diquark

dominance
AP—>1 AN 1 d/u— 0
Au/u —1 Ad/d — -1/3

Broken SU(6) via helicity conservation
AP—=>1 AN 1 d/u —1/5

Au/u —» 1 Ad/d —1

Note that Aq/q as x--> 1 is more sensitive to
spin-flavor symmetry breaking effects than A,

June 16, 2006

-0.4 ———

0.8
0.6
0.4

0.2

Chiral soliton




Tools: Hall A at Jefferson Lab

Polarized beam Hall A polarized 3He target
Energy: 0.86-5.1 GeV Pressure ~ 10 atm
Polarization: > 70% Polarization average: 35%
Average Current: 5 to 15 pA Length: 40 cm with 100 pym thickness

Highest polarized luminosity~ 1036cm-2s-!

Hall A polarized 3He target
Electron beam /
— Spectrometers
= " — e

Measurement of double spin asymmetries or dependent 3He cro
sections

Extract g, spin structure functions of 3He and neutron
Extract moments of spin structure functions of the neutron.
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Jlab Hall A Experimental Setup

) —=

75-80% polarized beam at 15uA

35-40% polarized target in beam

Left HRS
Cerenkov / 3
VDCs /“— Pion . |
" Rejectors :
‘% | s Polarized target
> ‘ Scintillators
Compton R?ster Moller A \é
Polarimeter | { A
; Polarimeter

= ‘= &= E =5 =
ARC BCM eP  BPM
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A" in DIS from 3He in Hall A

Large-x resummation

" 1 — W. Wogelsang
1 _‘JLabE99-117(3He) g'/ ‘Z‘z@ 1.08 i T T i
- O E142 (°He) L. R | | 2]
0.8 A E154 (3He) s - :
- O HERMES (®He) 3/ 3¢ & 0.75 — —
- E'[ Q*)\' L -
0.6} 3 : i i
- <P 050 — —
= RN L -
0.4 \V"’@é i i
: StatisticaTmodeI 0.25 :— i
02 | (Soffer et al.) | |
I 0.00 - 1
Of I ]
: —0.25 _—1| R O L T ‘ L1 ’ R L ‘ L1 |—
-0.2[ 0O 02 04 08 0.8 1
_0.4- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 x1
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Flavor Decomposition of PDFs

1

0.5

Au+Au 4 gy

w 15 FF 15 [
Ad+AE_4g'f(4 1) 1 gl
d  15Fp"  RW  15FY
R(l(/ d_i_ﬁ
o +Uu

X. Zheng et al. PRL 92, 012004 ( 2004)

and PRC70, 065270 (2004)
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Flavor Decomposition: PDFs
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Hall B Experimental Setup

Electromagnetic
Calorimeters

Chambers /‘ ﬁ )
| METERS Time of Flight /i/
AEEARARERE, Scintillators —

® Large kinematical coverage

* detection of charged and
*neutral particles

*Multiparticle final state
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°*NH3 and ND3 targets
*Beam current 100nA

Electron Beam

CEBAF

Acceptance
Spectrometer

Cerenkov
Counters




APd From NH; and ND; in Hall B

V. Burkert, S. Kuhn R. Mineheart, G. Dodge et al. EG1 collaboration

| e JLabEGI | ® This work
. HERMES pQCD ' HERMES
1 _ B 1
sMc e . SMC
~ SLAC-EI55 T — - SLAC-EI55
0.8 | = SLAC-EM43 7 " 1 80.8| = SLAC-E143
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| £
SU(6
©0 506
QL
8
1 «04
-
= —
2 0.2
0 [ e 0|
0 0.1020304050.60.70809 1 0 010203040506070809 1
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What's possible with 11 GeV beam

0.8

0.6

0.4

0.2

-0.2

-0.4

X + <4 ¢ O00m

w»>1.2
JLab at 11GeV

SLAC E142 (*He)
SLAC E143 (®H)
SLAC E154 (°He)
Hermes (*He)
SMC (°H)

2 <Q2<10 (GeV/ic )2
W >2 GeV
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